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BOil RE FLLCIZVL -ARRA Y CO~~~ (MC) ~~~ 125 s OF DISPERS .~,*

4 V . S. Cr ‘at and R . ill à~’tSUi~
l incoln Laboratory, ~dS~ d 1’A~~ t~~, !r~ tit .~te ~~

‘ Tec hn olog y

~~ f Lexington , Massac hu se tts 02 17 3 ,~/ ~ _J
pu.u.u

~ 
, ABSTRAC T . linear FM pulse expanders and Luripre ssors in t~e reflr c~ ~~-~~r r  ~ij c c-i f ~~~ratjor

have been fabric ,, on I smuth germ anium Oxld c Sur ,t ra tes. lu.~ r c e . - w i ~ e ,‘p i OCit. on t~ is
~~~~ mater ial and the fol ded RAC co n f igura tion allow U~5 pS of  d i~ pers~on over i” i~ 2 . 5 - ?~Hz ~~~J~~r~~tr  to

be obtained in a nt ,dct device. The reflectiv~ arrais ,, re nep~h weiqt,ted to ~r~vide a flat frec~.erLj
response in the down-chirp expansion lines and a hananing frequenc~ re si o ri se in the up-c hirp con’-
press ion l i nes. Ma ximum amplitude deviation from ideal was 0 .5  dE~. M iorc u , 1 h i  N h i )  inSe rt ion loss
was approx Imatel y 33 dB in both types of devices. Ref lec flve arrdjs ion-b um etched with 500-e~Cv”~ 
argon ions showed no evidence of surface alteration or anomalous acoustic prop agati~ n loss. Phase
compensation with Au -on-Cr films yielded a typical resid ual prisse ~r’

- -
~~ 

2.00 , and sidelcbe s bek~w
~~~~ 33 dB were obta ined in a subsystem compris inq an expander , co;’ oressor , and associateo e ectr orm’ cs .

Successful oevelo pment of the devices depended on solving prob le~s of drm~u1ar a- cu ra. u t he
~~~~ reflective arrays and temperature sens itivit y. These proolems are es~.ec r all y severe mo devices ,vith

small fractional bandw idth and large dispersion.

Int roduction ecj ir Ali ~ nnent

A compact pu l se-expansion and compression subsyste~n The fami l ia r R,C conf igur ation ~~‘j  sc hemat i cal l y
was developed for an experimental airborne radar. iflustratea in Fig. 1 . The basic aper cti or of t em s
Sens itivity requirements dictated that the transmitted device has been descr~bed pre vr ousl y~~’. Ang u lar
waveform be relativel y long (125 os). Because of i ts  a lr qnn er.t of the re flect ion gratings re )atmv e to each
low surface—wave velocity , bismuth germanium oxide other and relative to the transducers is cr i t i c ul 2 .
(BOO) is an attractive substrate material on which to For the crystal cut e’p lo~ed here , waves refl eo t el at
fabricate a device for processing a waveform of this ~~ have the same velocity as the inc ice nt wave and ,
durat ion. Low velocity comb i ned with foreshortening according ly, ~~ reflectc rc must be p laced a t 450
advantages of the folded reflective-array-compressor rela tive to the transd uc s.
(RAC) c~nf iguration

1’7 yield devices which easily fit
on commnercially available l5~cm substrates. The use
of BGO as a substrate material for P~AC devices is
new. It is generall y cons idered a diff1 cu lt~ iaterial
to use and success in this development required that 11 01
d ifficulties associated with material non-uniformity , _~~~~~

metal adhesion bonding and ion-beam etching be ~ _— .. —:. i~’— ~~~~~~~~~sol v ed . ~u , . .— ~~~~~~~~
‘ b

Simplic ity and compactness of the pulse expansion ,~~~ 

—

~ 
—
~~

and compression subsystem was obtained by operatin’~ .....— , ., — ~~
a t the radar IF (60 ~41z) and by developing expanders .- - — .— ~and compressors w ith conjugate chirp slopes . These 1.~ 

‘
~~~~~~~~

‘‘  m:,,~ ~~~~ .— ~~“ 8
~~
0
~
0
~ofeatures allowe d for the complete elimination of “-~~~ ~~~~~~~~~~~~~~~~~~~~~

m ixers and oscillators from the subsystem . Also, ~~~~~~
Han~ning weightin g for sidelobe suppression was ‘.-

incorporated in the compression lines. This avoided -....
‘-.—

---
—. 

• c~~the necessity of an externa l weight ing filter.

Because the output of the pulse compressor is ASt Y~~ h SATtO RAC
processed by a relatively slow di gita l System , the
bandwidth of the expansion and compression lines was
set at 2.5 MHz. This bandwidth yields a relativel y
small fractional bandwidth , which , combined with Fig . 1 S cPeut i C diagra m ’ of reflective -array corn—
la rge dispersion , imposes especia ll y tight spec ifi ca- pressor . Th~ “etal film between the i on-
tions on pattern accuracy, ali gnment and temperature bean etched r~~tin gc provides phase com—
control . In add ition , there exists a fund amental ..

~ ,.tio n h, selec tively slowing the surface
lim it on the degree to w eiih a MC dev ice can be wa,e.
phase coe’pensated ’’~’. This l imitation it. more severe
In small—t ime-bandwidth ~~~~~~~~ 

‘ ‘“n many poss ibl e anqul ar errors , the most
~rU,,hl~’ ,.ri f~ r the lev ’ ..t describe d herein is ill ust rst€

Desi1n Considerat ions r F’ 1 Ia. ‘~,rv it is assumed that the gratings are
correc l v a li ~ neo at ~~ relative to each other , but

The devices described herein use ref le~ P Ion tear ‘mere e x I s t s  a transducer misali gnment error öO.
gratings whose per iodicity varies qu i te st~ — y as • ... ..c.~lt i n q . .~tte r ’r , ve ct, r diagrams are shown in
function of posit ion . Because of th i s ,a smal l Fir For , n rm o~i rc Iratings , the frequency of
change In reflector character istics SU. P, as ‘ ‘ t ’ ‘ ~ thIn w i ll be a functi on of 5e~. For an ang le of
caused by temperature change or angular r ( . !at  I • 

i ncidenc e ~~‘ dopro . .atel y 45°,
causes the effective center of r~ f l~~~h ip n at ,n~
given frequency to shift by a lerqe amount For t Pr~~ ‘ 

-
reason,angular alignment and temperature must be ‘ ii • s. ’ )
carefully controlled .

wherp ~ is the sh if t in frequency of reflection .
This work was sponsored by the Department of the
Air Force. l~ th e g r a t ir~ ’, ~~~~ a cor ner reflector as

1975 Ultrason ics Symposium Proc eedings , tUE Cat.  075 shOwn , the wavefronts of the reflected waves will
CHO 994-4SU
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V. S. L)olat and R. C. ~i 1li a mcon

linii~ ot~on is : v r t i c u l j n l , I,vere when he l5
Co )  

,,,,~... N ’ . 1 ( I  wu .I l i r qe or equ ,~~~e n t l v ,  wi. a cevice nas a combination
1 

Sii - ol ‘,mm ,,ll f ract i onal t a r r o ~ i lth and large t ime—bandwidth
89 .j~

. ‘ o o .t. For tn . levlCe descr ibed he rein ,Ne 300

/ 
I 

~~~~~ 
\ 

‘.. r ,t  ~& . to r ’, at c & r t ’ r ‘,e (~c cr ,cy .  Re)ut,un (4) rr’.p ll e s
I ‘. 89 

‘
~~~~

“ ‘ ‘~~O. 1° . An 1 1 3 . i ,ir error corre ’.~ o r l  r~ to 5c’ -O l°
occure d dur ir ry  generation of ~~~ f lr’.t pSotor a~ k used

39 ~c• ’ - f0r the BOO d r . v l ce s .  A dev ice  fabr ica ted w i t r .  this
mask eer , ib i teu ~ ‘ excess ‘ . fle c t ,o n  1o~ s of more than

- ~~~~~ 
‘ 

‘ 
89 10 dB. It .I,~t ; m c e ~~,ar-i to ob ta i n  an accurately

- ~~~*l~~ ali gned ma sk m l  to maii .iin a l igrmcien t  w i t h i n  0.0 2°
/ 

/ - GRAT Ih G in or ler to ach ieve m e  lest rOmi f1e ~ i1on loss in
:~ 

~~ // ‘ / ~ , subsequent dev ices .
111 1. 1 I L  tO

‘. ~~~~ *o~t 
~~~~e .a t u r n Dep_ende’c.e

Of tn, three mc ~ t c r l ~ usemi  S ubst ra te . ,  for
1 ~~~~~ i w t ’ , ’ ( ~~ *i sur face  ~ u .  l€’ vm ~ es , BOO ru s i-m e Iu r ;est temperature

xl~ ~ coe f f i c i en t  f ce l  a , ~ ‘~~~. j r  ,,rder t.. adequat e l y
s t a H l i z e  tim e compo se of time RAC devices, prov isions

I \\\\ \ w~~ e ‘ a O C  to t he r O m t a t  t’o de . r ces  at  60~C. A
\\ \\ \ (hai qe I rur rOl ten ;r ’ r u t ~ ru  to 60 °C co r res pc rds  to a

~~~~“ ~PI . ‘~ ‘ LOW tRtQIJ[Nc~ 
downward shif t  c t  ~~~~~~ M” c in time n i c b a r , m i  f r e q u e n c y

///// / of each mica n~~e , repre~er i inq  12 -  of the total ba rawid i n .
/ /

/
/

~

/

~

// These smi f t , ad to be t r ~~ r I t o  acco . ..rt  w i t h ,  desi gn—
ing the t ra r i v l~~.. r and ~ra t i ng mas~.s . Mea sured

0~ ’i’, ~~~~~~~~ 
te mperat .~r o  ce;.e mle n~..e of toC devices i r m O l c a t c O  a
va ’ ’~~~ e.,u 1 t 138 13 ,~ C wn mch compares wel l
W m t’ pUCSnuI..S

Fig. 2 i ) i . . > n n ’ -
y o’ surface-wave r,’~ lectjon from n a small frac ti: r ,~ rmiwrdt! dev ice , the

a ~,r n o d ic qrating with transducers rni sa liiici delu j ‘ thi. compressed pulse is a ‘~‘.rc n~ fon cti on of
hi an an q l&’ f ’ . The scatter i ng-vec tor d1agr~ Tr s ter oerature and is t q~~u~ ti  ire group Ce~aj n~
a ’ ”  s ’ ~n for ‘he upper and iflw p - q ra’ lnq- , center ‘r~~ er rc i i c .  The te,~~e rat u re induced change

Sjrfa e-w ,iap scattering from a hirped - ‘Al , in group de 1/  ~~~ t s  ~- . em
ra t i n 3 il i u c t r a t i n 4  the shift in t ’~ • ‘ t ’

of refle ct ion at any one f r c . i , e r m y caused by .mn ~ [1 * f T~ ~~a]’~~ .(cn ange ~r. temperature ) (5)
transducer angular m isal ignment.  — 0

The p lus s i . ~r 15 ‘, r a ltv ~ ice  ~rt h an up-Chirp
alwa ys 1;r’~’ up w ith tie out ~ et  trans du cer . Howe ver . impu lse renp~ r :, c ar- u tre m inus sign is for a down -
the 

~~
. 

~ le~’ is tha t  when . ‘.. 
~ 3 the f requencj of c r i r p  devrce . For c o s t  d1~~p, rm, i v e  dev ices, T is

ma *rr ,~. r e flection ‘ l i f t s  one way in the upper gra t ing  s l i  ‘ t~ larger thu  2-i 0. Thu~ fo r small —fractiona l—
e c i l O n  and the opposite Wa , in the l ower 4 r a ’ i n g  bandwidt h l . i c c m . ~ .e la r 7e ct terrE ii. ire orackets

sec t l iii 1huc . wnerr ‘° I 0. the s c a t t e r i n g  condi t ions in (
~ is ap,. r 0~ ‘ma t ei y m. i . i ~ to 2f c, :.f. Cvm1respond ing—

in t Ire upper arid lower ,r a t r n g s  cannot be sa t i s f i ed  ly, t n ,  tc” v r m t ,r sen . i t n v i t y of a dispersive
simu ltaneous l y, resul ir , i in a large ref lect ion loss.  dev r~ e ‘s  “ampl  i f i e d ’  ~ a factor approxim ately equal

to ~f0 f . This sen si t i v ity is most troublesome in
For a v a r iab ly  spaced RAC grat ing, the l im it ,  on 6e d e v i t ,  wi th small fruct vn~l c~andw idth and large

an be e s t a b l i s h e d  lf l t I ’ S of the chirp parameter s. dispersion .
Fm’j jr ’ . 2b I l lust rates th is  s i tuat ion At a part icu lar
frequency, there is a cer ta in  posi t ion in the grating. or the devices described erein , it was necessary
referred to as t he center if r e f l ec t i on , at w hich the to sta b i l i ze  the delay to t ime compressed pulse to
scatter ing condition is sat is f ied . In addit ion , one w i t h i r  ~6C ns. This implies that if one device of a
can define a number of e f f e c t i v e ref le c tors  N~ that pair Cm~ eipa ns ior  and compression l ines is held at
are predominant ly contributing to the reflection at constant temperature, the temperature var ia t ion of
any one frequency 3’’ the other device could be no more than +0.16°C. Thi s

l’2 
degree of temperature control is difficult to achieve

N • (Tt~f/2) f / f  (2) in an operationa l env i ron,r,ent. However , if thee expansion and compression l ines are placed in the
where I is the chirp dispersion and ,tf Is the chirp same oven , with both device s hell at the same temperature ,
banøwidtfl . When fo changes, the centers of ref lect ion the variation of tota l dela y through the cascaded
for the upper and lower gratings shi f t  In opposite devices w i f i  be the sun of the var iat ions given by
direct ions , and the number N of the grating lines (5 ) .  The large pos i t ive and negative terms cancel ,
over which the centers of reflection shift is given provided tha t the devices are identical except for
by ‘be sign of the chirp slope. In this case , the

tN f0T of/2Af , 
overal l temperature variation is given by

6i~ 2 i ..(change in temperature). (6)
w ..”.. ‘f Is the frequency shift caused by rotation. .
If tN is large in comparison to Ne, the wave reflected Equation (6) imp lies that a temperature control of
b~ the upper grating will ‘ miss ” the effective re- +1.5°C Is required . Commerc ially ava ,,able ovens can
‘lect ing section of the lower grating. Equations easily achieve this stab ili t l’ over a wide range of
(!)-(3) yield the limitation ~ 68 amblents. Thus it is possib e to meet the specifica-

tions of teniperature stability , provided that a pair
oe~<(2 N )

_ l 
(4) of expansion and compression lines are in good thermal

• contact wi th each other and mounted in the same oven.
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V. S. Dolat and P. C. W i ll iamson

In addition to stab ili zin g the delay to the Following I ~~ral fab rication , the pl~~..e r e s p o n s e
coci pressed pu ’ se . it is a lso  necessary to stabil ize of the devices c i .  tested and phase compensat ion
temperature in order to a m r t u i n  a match between the l i t t e r” , were g e n e r a t e l  and nn et allized in the region
~hirp slopes of the expansion and compression lines , ie ’tweerm the gratings, see Fig. 1. The retal ll zat ion
and to assure that the ampl i tude weighting of th~ f o r  po~ve compensation consisted of 0.Cl15 ~uii of Au

~~ compression line remain s~iimetrical about f over 0.03 ~.rn f Cr. Ca lcu ’~rt i ons 1’ indicate that
However , these variations place much less s%ri ngent for this ratio of meta l thicl,nes ses , the velocity irs
requirements on temperature stability than those the metallized region is relativel y independent of
imposed by stabilizing the overall delay, absolute metal thickness tr uai ded t e  thickness is

smal l in comparison to a ~uve1 ength. Followin g phase
Fa brication coiripensat irr , a slot was cut between the transducers

to provide fee~throu~ h iso lat icn . The f inished
The RAC devices schem atical ly i l lustrated in d e v m c e  Is mounted ari d sealed in a brass package.

Fi g , 1 were fabricated on 001-110 cut BGO substrates
wh ich are fifteen cm long . These substrates had to Oevi ce Perfcr inance
be selected wi th some care . Boules from which BGO
surface-wave plates are fashioned contain a core The CW frequency resporimes of the pu l se expander
structure along the growth ax 1 s. This core can be and compressor are shown in Fig. 3a and 3b , respective l 3.
disti nguished from the rest of the material by its
darker appearance . RAC devices that were fabricated 

____________ ________

on substrates wherein this core came close to the I ““T ”
~~~~~ i I

surface exhibited a drastically degraded response and Ce rREOU (Nc~ RCSPONSEPULSE EOPM.40EC (a)excessive insertion loss. Electrostatic prob~
measurements of surface waves on cored material T.6o’c 1,

Indicated that the cored region had a slower velocity _, I
than the norma l material and that material nonuniformi-
ties caused a drastic distortion of the surface-wave 

___________

beam. All devices fabricated on core-free substrates
achieved near-theoretical response.

For bombardment with a neutralized beam of 500 eV
argon ions, the etching rate was measured to be 13.5
angstroms/sec at a flux density of 4 x lD’~ Ions/cm 2
(0.65 na/cm2 prior to the neutralization). No
anomalous damage , change In stoichiometry. or Increased
attenuation was observed with BGO surfaces. Thus, it
was not necessary to Ion etch in a partial pressure __________

of oxygen or to perform any post_etching surface ~~ iiC ii ~00 ~~~ ~‘Q 4 ’~~

treatments, as is the case with LiNbO , surfaces. 2’’°’’2 rR(QUENCY MM:)

Grooves were ion-beam etched to depths of appr oxi - - 

~~~~~~~ E~~~~~~~~- CC F”)...LNTY PcmP Or.sE.mately 0.1 urn or 0.35% of a wavelength at the center 
~~MM ~~ ~~~~~~ RA C lb)frequency. At the beginning of th is  development, the

reflection coefficient Y,o for 90° reflection from a -

HAMMI NO FONvert ical step was unknown . A model of device refl ection
loss 5’~~fitted the measured devic e response provided /

,
that y,~ • 0.23 h/A. Overall reflection loss was -18
dB at center frequency. Depth weight lng tt ’ tt was
employed to yield a flat amplitude response for the ex- -

~~~~~~~~~~~~~~~~~~~~ R iMEMT A ~~~~~~~~~~~~~~~~~~~~~~

pansion lines and Ha~~ing-weighted ~~pl1tude response 

~

- 

/for the compression lines .

A transducer beamwidth of 3.48 m (125 wave~engths ~at f0) was chosen to minimize diffraction effects.
Calculations of surface wave d1ffractlon~ show that
si gnificant ampl i tude ri pples (and associated phase / ~~~~~~~~~~~~~~~ ~~~~~ BANDWIOT.’—-- ------’--— ,ripples) occur for normalized diffraction distances ,

greater than 0 .2 .  The transducer aperture was chosen ~,
—‘
~
“
~~o r~ i

to keep the norma l ized diffraction distances less I~. 5 t N v raw,
than this valu e for the longest delays encountered.
Wider apertures would require more substrate area and
more precise aligmient. A twelve-finger-pair transducer Fi g. 3 Frequency Responses of (a) pulse expander ,
with this aperture has a radiation impedance of 110 and (b) pulse compressor .
olins and can be approximatel y matched to a 50-ohm
load by simple inductive tuning to yield a nearl y
flat resp onse and a total conversion loss of onl y In each case the response is centered at 60.0 MHz
10.5 dB for the input and Output transduce rs combined, when operated at the design temperature of 60°C.

Total midband CW insertion loss is typicall y 33 dB
Because of the poor adhesion of thin metal films wi th a I dB variation among devices. The series-tun ed

to BGO. particular attention to metallizatio ri and transducers contribute 10.5 dB loss; propagation and
bond i ng was required . Metall izatlon consisting of di f f ract ion losses amount to -4.5 dB; and the grat ing
0.3 ice of Au over 0.03 ~an of Cu yielded adequate, but reflection loss contr ibutes the remaining -18 dB to

method s attempted , ultrasonic bonding of hard Au wire exhibit a maximum deviation from an ideal Han~iiing
usi ng a wedge t ip t 0  provided the highest y ield ( 80%) function of approximately 0.5 dB.

not outstanding . adheslon~~ . Of the several bonding the total. The Haniiiing-weighted compression lines

of reliable bonds After ultrasonic bonding , the
bonds were strengt hened w i th  the addition of small Direct electromagnetic feedthrough was reduced
dots of conductive epoxy around the wire-pad interface, to a level more than 100 dB below the inpu t si gnals
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V. 5. Dolar and P. C. W ill i amson 

-

by P l~~. 
ing a meta l Septum in the slot b€ ~~~~~~~ the ~ 

v ( O  P05~~t iO fl affects tIe phase response only at
i r n it and outpu t transducers , by us ing an inditprr l e t  frequency. A measure as to the extent that this
gasket  between the septum and co v e r - p la te  assembly, is true can be obta ined fr -~ a cons ideration of the
and by carefu l ly  orienting the tuning Inductors to ~~action al part of tIe entire grating contributin g to
minimize electromagnetic coup lrr ; g . te f iectn nt at any one frequency. Th i s fr ac tion is

given t y
Large Fresnel amplitude and phase rip , le occur

near the band edges of a RAC device in which the Ne/N (2/Tl,f) (7)
grating is abruptly terminated . In order to avoid
excessive ripple and thus more easil y evaluate device Thus , one observes , ‘“ it for snnal l - t i rnce- ba rrdw idth_
response , tapered tails were added to the impulse product devi ces, a si c i f i c a r t  fracti on i t  the grat ing
response of the RAC devices by adding more grooves to contributes to the reflect ion at any one frequency.
the gratin gs. Total disp ersion of the extended and it becomes increasing l y less’ icc u rite to associate
grating was 150 us over a 3 MHz bandwidth. The a given position in the grating with a particular
extended impulse response was term i nated graduall y by frequency. The extent of Ne for this device is
ion-beam etching t he  “tail” sections wi th a cosinusoida l indicated in Fig. 4. The measured phase response is
depth-weighting function, When this Is done, the the result of tire average -cr tr i b u t io n from an extend ed
ideal phase response Is very close to a simple quadratic region in the gra ting , and the rapid variations in the
variation v€rsus frequency. width of the phase-compensation pattern are averaged

over an extended reg ion to y ield a net effect on the
Measured phase deviation I :rn ideal quadratic phase which is relatively lrve r ’i tive to the rapid

response versus frequency is shown in Fig. 4a before variations . Thus c t  is iii f l cul t to compensate phase
interna l phase compensation was added. The cubic errors in RAC devices when those phase errors are
error component is believed to be related to material more rapidly vary ing than a rate corresponding to
nonunif • -m ities. Phase distortion Contributed by the (TAf/2)’s cycles across the passband . This is the
transducer response is known to be negligible. The result observed in Fi g. 4.
more rapidl y varying periodic component is reproducible
from one device to the next which suggests a systematic The metal ov er 1 ay pattern was also used to align
pattern error of unknown origin. Qualitativel y, the the disp ers ion slope of all devices to the same
response illustrated is characteristic of both the value. Before compensation , ti-re individual chirp
pulse expander and compressor devices , Separate phase- slopes varied by as mu c h as 1% among the seven devices
compensation patterns were required for each device fabricated dur in i~ t h is development program . Measured
since significant quantitative variations existed phase deviation f r~ ’ ideal linear response vers us
between the individua l un it s .  frequenc y for a cascade of an expander and compressor

is shown In Fi~ . 5. The absence of a significant
quadratic component in the phase response of the

I 
cascaded devices ii dc c a te s that the chirp slopes of
the Individual ,,nits are well matched .

~ 

1

~~~ COMPENSATsON ~f’\~J~N’
\ ‘~ 0 ‘~ ~ r’

~~~~ ‘T~ I

BANDWIEH . J
‘~ ~$OO,~ 

CORRESPONDING TON, -j 
~~~~ ~ 

-

(bl AF TER COMPENSATION 
- 

~~~~~ -50

~; ~~~~~~~~~~~ /T\ -$0 0 — EXPANDER AND COMPRESSOR

~ F “i~J 
~~~~~~ ~~~~~~~~~~~~~~~~~~~~ I0 59.0 505  60.0 60,5 61.0

~ -s oF -

FREQUENCY (Mhz )
I

~ 
L__ ~~~~~~~~ i ~ i i I i,

590 595 600 605 610 Fig. 5 Measured phase deviation from ideal linear
response for a pulse expander and compressor

FREQUENCY (MHz ) in cascade.

Fig. 4 Phase response of a RAC device The pulse expansion and compression lines were
(a)  before and (b) after interna l phase corn- tested in a Dulse compression circuit. An Impulse
pensatlon. applied to the expansion line was obtained by gating

a 60.0 MHz carrier to provide a 200 ns impul se ( 12
Device phase response following Internal phase cycles). The expand ed pulse was gated over the

compensation Is shown in Fig. 4b. Only the cubic central 125 us interval , with no limiting , before the
error component was successfully compensated. The signal was applied to the compression lines.
ability to phase compensate RAC devices is based on
th~’ prem i se that a given position In the reflective Typical pulse compression performance is showei
grating corresponds to one particular frequency and in Fig. 6. Both devices were operated at 60°C In the
that the width of the phase compensation at that component oven assembly. The -3dB and -30dB widths
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. . S. I ~I at  a ci R . C. i I I

of I ‘ie i’ ’ ’  , Pu I ‘ ‘  j r  0. 1 ,s arid 1 2 ’ v • ~ ‘ C i t  I’ r’ ‘ L i i ~‘ i ’ ’  j d C  i • t ~~l ‘ .ia Iron • and
p . ’ , t ’ ~ t l~~$’

11 y ,  ‘ ‘ , a l i ’ - — I ’ I I i I I , l h r . ’  t h r ’ e ’ P’ ’ - ‘ i l  1,1, - r i  i 5’ I~~ger r,i C d i f  h r  i n— se a ’ etch i
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